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Method for storing data on an optical recording medium 

The present invention relates to a method for storing data 
5 in a prerecorded area of an optical recording medium, and to 
an optical recording medium having at least one prerecorded 
area in which data is stored according to the method- 

In general, in optical recording media which are in the form 
10 of discs and are suitable for reading and/or writing, 
embossed tracks are formed such that they represent an 
interleaved spiral or concentric circles. Along the tracks, 
data is stored in form of pits and lands (also referred to 
as marks and spaces) . An apparatus for reading from and/or 
15 writing to optical recording media comprises an optical 
pickup, which has to exactly follow the tracks for the 
reading and/or writing operation. For this purpose, a low 
frequency tracking error signal is obtained, for example by 
push pull tracking, which uses the interference patterns 
20 caused by a groove structure of the disc, or by differential 
phase detection, which uses the interference patterns caused 
by the pits, or by other types of tracking, which are well 
known in the art . 

25 For optical recording media it is desirable to have one or 
more prerecorded areas containing data for various purposes 
in addition to the main data area containing the user data, 
e.g. software or video data. These prerecorded areas can, 
for example, contain data describing the physical properties 

30 of the disc suitable for adjusting the reading and/or 

recording parameters, information about copy protection or 
other auxiliary information. They are generally not used for 
storing user data. 

35 In case of recent high-density rewritable optical recording 
media, information is stored in the prerecorded area using a 
modulated continuous groove, i.e. a groove rapidly 
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meandering with respect to the track center. Using the push 
pull effect a tracking error like signal can be obtained, 
referred to as radial information channel or modulation 
signal 5, which represents the information stored in the 
5 groove. The modulation signal 5 can be converted back into 
data bits by applying a biphase modulation as shown in 
figure 1. A bit cell representing a digital '0' is 
characterized by a transition at the start and at the end of 
the bit cell. A bit cell representing a digital l l' is 
10 characterized by a transition at the start, at the end and 
in the middle of the bit cell. Each bit cell has the same 
length. The bandwidth of this signal can be much higher than 
that used for the actual tracking error signal. 

Contrary to the recent high-density rewritable optical 
recording medium, for a recent high density read-only 
recording medium it has been proposed to use a row of pits 
and lands instead of a .continuous wobbled groove to store 
the data. The reason for this is that during production of 
the read-only recording medium both pits (for user data) and 
a continuous wobbled groove (for additional prerecorded 
information) have to be produced within one disc, which 
increases production costs. According to the proposal, pits 
placed laterally distanced from the track center are used 
for generating a track error like signal which is 
compatible, from the point of view of detection, with the 
modulated groove signal. The track error like signal has a 
much higher frequency than the actual track error signal. 
Apart from storing additional information, the laterally 
displaced pits can also be used as a copy protection 
mechanism, since it will be difficult to copy the pits to 
another recording medium. Unfortunately, the position of the 
pits is not symmetric to the bit cell signal transitions, 
i.e. the position where the row of pits changes from one 
side of the track center to the other side of the track 
center. Due to this asymmetry a transition of the detected 
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signal does not correspond to the precise start or end of a 
bit cell, which leads to an increased jitter in the 
modulation signal. 

5 A recording medium of a similar type is disclosed, for 

example, in the European Patent Application EP 0 703 576. 
The recording medium comprises regular and unusual pit 
trains. The presence of unusual pit trains serves as an 
indication that the recording medium is a legitimate copy. 
10 However, no additional information as in the prerecorded 
areas is stored in the unusual pit trains. 

In conclusion, it is an object of the present invention to 
propose a method for storing data in a prerecorded area of 
is an optical recording medium using pits and lands, whereby 
the signal obtained from the pits and lands can be 
compatible with the high frequency modulated groove signal . 

This object is achieved by a method for storing data as bit 
20 cells in a prerecorded area of an optical recording medium 
using pits and lands, the pits and lands being placed out of 
the center of a track of the prerecorded area, whereby the 
pits and lands adjacent to bit cell signal transitions are 
arranged in a predefined manner. This has the advantage that 
25 it is possible to exactly define the position of the pits 
and lands adjacent to the bit cell signal transitions so 
that the modulation signal transition corresponds to or at 
least has a fixed relation to the precise start or end of 
the bit cell. Furthermore, this allows to optimize the pits 
30 and lands for the specific type of radial information 

channel, i.e. push pull or differential phase detection. Of 
course, other types of radial information channels can also 
be taken into account. 

35 The invention makes it possible to arrange the laterally 
displaced pits and lands in the prerecorded area in a way 
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which allows to generate a detectable signal waveform from 
the pits using the radial information channel which 
represents the prerecorded data. In addition, the invention 
allows to take both the push pull and the differential phase 
5 detection effect into account. Since the tracking systems 
used for high-density optical recording media usually rely 
on either of the effects, a highly reliable signal detection 
is assured. Though the invention has so far been described 
for biphase modulated information stored in the prerecorded 
10 areas , the invention is also applicable to other modulation 
schemes. In addition, it is likewise possible to make use of 
the invention in recording areas of an optical recording 
medium. 



.5 



Favorably, the method comprises the step of arranging the 
pits and lands in a fixed recurring sequence of pit lengths 
and land lengths at the bit cell signal transitions. In this 
case the modulation signal transitions in the radial 
information channel are all moved in the same way. This can 
be understood as follows. Depending on the length and the 
position of a first pit directly preceding and a second pit 
directly following the transition, the detected signal shape 
varies. That means that a detected event, e.g. a zero point 
or zero crossing of the signal relative to a long time mean 
value of the signal is detected at different points in time 
for different types of preceding pits. The detected event 
seems to be moved or shifted away from its originally 
expected position. By assuring that the pit structure is the 
same for all bit cell signal transitions, this shift is the 
same for all detected events. Therefore, the jitter in the 
modulation signal caused by varying positions of the 
modulation signal transitions relative to the bit cell 
signal transitions is reduced. 



Advantageously, the method comprises the step of arranging 
the pits adjacent to the bit cell signal transitions 
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symmetrically to the bit cell signal transitions. This 
guarantees that the modulation signal transitions correspond 
exactly to the bit cell signal transitions. In this way it 
is also ensured that the modulation signal is free from 
5 jitter. 



o 



5 



As a refinement of the above symmetrical arrangement of the 
pits, the method further comprises the step of also 
arranging symmetrically the lands adjacent to the pits which 
are arranged symmetrically to the bit cell signal 
transitions. This can be done since only the bit cell signal 
transitions are relevant. In this way an improved 
intersymbol interference (ISI) is achieved, which improves 
the signal detection quality. 

According to a further aspect of the invention an identical 
number of pits and lands is placed in each bit cell. If the 
sum signal of the detector used for obtaining the radial 
information channel carries an information code within the 
prerecorded area, typically the digital sum value (DSV) of 
the code, i.e. the average occurrence of pits and lands, 
should not differ from zero. This is achieved by placing an 
identical number of pits and land in each bit cell. 

It is further advantageous to set the lengths of the 
symbols, i.e. the pits and lands, to integer multiples of a 
predefined length based on a nominal channel clock and a 
nominal rotational speed of the recording medium. This makes 
it possible to store additional information in the pit 
structure, e.g. a key used for encryption of the content of 
the recording medium, which can be obtained from the sum 
signal of the detector used for obtaining the radial 
information channel . 



Favorably a gap is inserted between the pits at the bit cell 
signal transitions. This ensures that a compensation of the 
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modulation signal generating effect is avoided. Such effect 
could occur if no gap was provided or if there was an 
overlap of the pits. 



5 According to one aspect of the invention the method 
comprises the step of arranging pits, which are long 
compared with the diameter of a readout spot used for 
detecting the pits, e.g. pits corresponding to 5T, near the 
bit cell signal transitions. This is especially advantageous 
o if a push pull type radial information channel is used, 
since it allows to achieve steep modulation signal 
transitions at the bit cell signal transitions. 

Favorably, the method further comprises the step of 
arranging lands, which are short compared with the diameter 
of the readout spot, within the bit cell. This avoids a drop 
of the push pull signal and a strong modulation of the 
radial information channel signal within the bit cell. In 
this way the waveform keeps a certain safety distance from 
zero . 



According to another aspect of the invention, the method 
comprises the step of arranging pits with a length 
corresponding to the full width at half maximum of the 
intensity distribution of the readout spot near the bit cell 
signal transitions. This arrangement is advantageous for a 
differential phase detection type radial information channel 
and allows to achieve steep modulation signal transitions at 
the bit cell signal transitions, since the differential 
phase detection based amplitude is larger if there are more 
signal transitions 

Advantageously, the method further comprises the step of 
arranging pits, which are short compared with the diameter 
of the readout spot, within the bit cell. This avoids a drop 
of the differential phase detection signal and a strong 
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modulation of the radial information channel signal within 
the bit cell. In this way the waveform keeps a certain 
safety distance from zero. 

5 Favorably, the method comprises the step of varying the 
distance between the track center and the pits and lands, 
e.g. by reducing the distance between the pits and the track 
center close to the bit cell signal transitions. In this way 
it is possible to achieve an optimized detection amplitude 
lo within the bit cell by holding the peak values of the 

detected signal at a predefined level. The optimum variation 
of the distance might be different for push pull and 
differential phase detection. 

.5 Furthermore, it is likewise advantageous to vary the width 
of the pits, e.g. by increasing the width of the pits close 
to the bit cell signal transitions. This also allows to 
achieve an optimized detection amplitude within the bit cell 
by holding the peak values of the detected signal at a 
) predefined level. The optimum variation of the pit width 
might be different for push pull and differential phase 
detection. 

Advantageously, the average of a modulation signal 
containing the stored data is zero for bit cells 
representing a digital »i' and zero for two consecutive bit 
cells representing a digital '0'. If the individual signals 
used for generating the differential phase detection signal 
are binarized using a data slicer, this keeps the average of 
the decision level of the data slicer around zero even when 
the digital sum value is allowed to be different from zero. 

According to a further aspect of the invention, an optical 
recording medium comprises at least one prerecorded area in 
which data is stored according to a method according to the 
invention. Such a recording medium is easy to produce and 
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has, therefore, reduced production costs. The optical 
recording medium preferably is a read-only medium, however, 
the invention can also be advantageously applied to a 
recordable medium. 

5 

Favorably an apparatus for reading from optical recording 
media comprises means for retrieving data stored in at least 
one prerecorded area of an optical recording medium 
according to the inventive method. Such an apparatus is 
o capable of extracting the information stored in the 
prerecorded area. 



According to the invention, an apparatus for writing to 
optical recording media comprises means for writing data to 
optical recording media according to the inventive method. 
Such an apparatus is advantageous in that it allows to store 
data in the prerecorded area of an optical recording medium, 
e.g. during production of the medium. Such an apparatus can 
be used, for example, during production of the optical 
recording media. 



For a better understanding of the invention, exemplary 
embodiments are specified in the following description of 
advantageous configurations with reference to the figures. 
It is understood that the invention is not limited to these 
exemplary embodiments and that specified features can also 
expediently be combined and/or modified without departing 
from the scope of the present invention. In the figures: 

Fi 9- 1 shows biphase modulation in a prerecorded 

area of an optical recording medium; 
Fi 9- 2 shows a prerecorded area having pits and 

lands arranged in a pit structure according 

to the invention; 
Fi 9- 3 shows a pit structure having an identical 

number of pits and lands in each bit cell; 
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shows pits and lands in a prerecorded area 
having their lengths set to integer multiples 
of a predefined length; 

shows a pit structure where the pits and 
lands are arranged in a fixed recurring 
sequence adjacent to signal transitions; 
shows a pit structure where the pits are 
placed symmetrically to the signal 
transitions ; 

shows a pit structure where the pits near to 
the signal transitions are long compared with 
the diameter of a readout spot; 
shows a prerecorded area having short lands 
within the bit cells; 

shows variation of the distance between the 
track center and the pits and lands; 
shows variation of the width of the pits 
inside the bit cells; 

shows a prerecorded area having short pits 
and lands arranged in the bit cells; 
shows variation of the pit width for a pit 
structure as in Fig. li ; and 
shows a pit structure suitable for 
differential phase detection using a data 
slicer. 



Figure 1 shows biphase modulation in a prerecorded area of 
an optical recording medium having a continuous high 
frequency modulated groove 9 wobbled with respect to a track 

30 center 10. A bit cell representing a digital >0' is 

characterized by a first transition 3 at the start and a 
second transition 4 the end of the bit cell. A bit cell 
representing a digital is characterized by a first 

transition 1 at the start, a second transition 3 at the end 

35 and a third transition 2 in the middle of the bit cell. Each 
bit cell has the same length, which is an integer multiple 
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of a predefined length that is calculated from a nominal 
channel clock T and a nominal rotational speed of the 
recording medium. Of course, other modulation schemes can 
also be used. 

5 

The signal 5 representing the modulation, which is 
schematically depicted in the figure, can be obtained by 
detecting with a detector a tracking error like signal, 
referred to as radial information channel, which is 
generated using the push pull signal or the differential 
phase detection signal. The frequency of this signal can be 
much higher than that used for the actual tracking error 
signal . 
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In figure 2 an example of a prerecorded area using pits 6 
and lands 7, which are arranged in a pit structure according 
to the invention, is shown. Using the push pull effect the 
special pit structure generates the expected modulation 
waveform, which represents the information data bits in the 
radial information channel. As can be seen from the figure, 
the pits 6 and lands 7 are placed laterally out of the track 
center 10. In addition, the sequence of pits 6 and lands 7 
adjacent to the bit cell signal transitions 1, 2, 3, 4 is 
the same predefined sequence for all bit cell signal 
transitions 1, 2, 3, 4, namely 4T land, 3T pit, 2T land, 3T 
pit, 3T land. Apart from generating the radial information 
channel, the pits 6 and lands 7 can also carry information 
in themselves, if an additional coding scheme is applied 
which modulates the physical length of the pits 6 according 
to further data (not shown in the figure) . The distance 
between the pits 6 and the track center 10 is exaggerated in 
the figures for the sake of clarity. Generally the 
displacement is much smaller, i.e. the pits 6 still partly 
overlap with the track center 10. 
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Independent of the type of the radial information channel, 
i.e. differential phase detection or push pull or other 
types, some common features and combinations thereof are 
advantageous for the detection of the modulated data: 

5 

1. ) The pits 6 are placed out of the track center 10 line. 

2. ) If, in addition to the radial information channel, the 
sum signal of the detector carries an information code 

10 within the prerecorded area: 

a) typically, the digital sum value (DSV) , i.e. the average 
occurrence of pits 6 and lands 7 of the code, should not 
differ from zero. This is achieved by placing an identical 
number of pits 6 and lands 7 in each bit cell. An example of 

is such a pit structure with DSV=0, i.e. having an identical 
number of pits 6 and lands 7 in each bit cell, is shown in 
figure 3 . 

b) all symbols (pits 6 or lands 7) need to have a length of 
an integer multiple of the channel clock period T. This can 

20 be fulfilled if both pits 6 and lands 7 have a physical 

length of an integer multiple of a predefined length which 
is based on the nominal channel clock T and the nominal 
rotational speed of the optical recording medium. Such a pit 
structure based on T intervals with DSV=0 is depicted in 

25 figure 4 . 



If, however, the sum signal of the detector does not carry 
an information code in the prerecorded area: 

a) the digital sum value of the code can differ from zero 
30 and/ or 

b) the symbols (pits 6 or lands 7) do not need to have a 
length of an integer multiple of the channel clock period T. 

3.) The signal jitter of the bit cell signal transitions 1, 
35 2, 3, 4 used within the modulation can be minimized by 
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placing the pits 6 next to the bit cell border in a 
predefined manner: 

a) the pits 6 are arranged in a fixed recurring pit/land 
length sequence at bit cell signal transitions 1, 2, 3, 4. 

5 Then the modulation signal transitions in the radial 
information channel are all moved in the same way. A 
corresponding pit structure is shown in figure 5, namely 3T 
land, 3T pit, 2T land, 4T pit, 3T land. 

b) the pits 6 are placed in a symmetrical position around 

10 the bit cell signal transition. Consequently, the modulation 
signal transitions in the radial information channel are not 
moved . 

c) if not only the pits 6 next to the bit cell signal 
transitions 1, 2, 3, 4 are placed in a symmetrical way, but 

15 also the adjacent lands 7, an improved intersymbol 

interference (ISI) can be achieved, which improves the 
signal detection quality. Figure 6 shows such a pit 
structure where the pits 6 and the adjacent lands 7 are 
placed symmetrically to the signal transitions, namely 3T 
land, 3T pit, 2T land, 3T pit, 3T land. The pit structure 
has an improved intersymbol interference. 



20 
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4.) At bit cell signal transitions 1, 2, 3, 4a gap 8 
between the pits 6 avoids a compensation of the modulation 
signal generating effect, which could occur if no gap 8 was 
provided or if there was an overlap of the pits 6. This gap 
8 is also found in the pit structure depicted in figure 6 

Depending on the type of radial information channel, i.e. 
30 differential phase detection or push pull, some parameters 
can additionally be optimized. If the pits 6 are to be 
detected by both tracking systems, a compromise needs to be 
found for the following parameters: 



35 Push pull type radial information channel: 
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1. ) To achieve steep modulation signal transitions at the 
bit cell signal transitions 1, 2, 3, 4, the pits 6 used near 
the bit cell signal transitions 1, 2, 3, 4 should be long 
compared to the diameter of the readout spot used for 

5 detecting the pits 6. A corresponding pit structure is shown 
in figure 7. 

2. ) The lands 7 used within the bit cell should be short 
compared to the diameter of the readout spot to avoid a drop 
of the generated signal, as is the case for the pit 
structure depicted in figure 8. The aim of the optimization 
is to avoid a strong modulation of the radial information 
channel signal within the bit cell. The waveform should keep 
a certain safety distance from zero. 
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3.) To achieve an optimized detection amplitude within the 
bit cell: 

a) the distance between the track center 10 and the pits 6 
and lands 7 can be kept constant within the bit cell. The 
value of the distance itself can be optimized to create a 
large detection amplitude and thus an improved signal to 
noise ratio. 

b) the distance between the track center 10 and the pits 6 
and lands 7 can also be varied within the bit cell to 
improve the detected waveform. A corresponding pit structure 
is shown in figure 9. The aim is to hold the peak values of 
the detected signal at a predefined level. 

4.) To achieve an optimized detection amplitude, it is also 
possible to vary the pit width as shown in figure 10 to 
optimize the detected waveform. Again the aim is to hold the 
peak values of the detected signal at a predefined level. 
The optimum width of the pits 6 might be different for push 
pull and differential phase detection. 
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5.) To keep the average of the decision level for a 
binarization of the radial information channel around zero, 
the number of pits 6 being situated on one side of the track 
center 10 and the number of pits 6 being situated on the 
5 other side of the track center 10 should be equal. This is 
automatically guaranteed when a biphase modulation is 
applied. However, for other modulation schemes this might 
not be the case. When biphase modulation is used, the 
digital sum value of the code can differ from zero. 
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Differential phase detection type of radial information 
channel : 

1.) The differential phase detection based amplitude is 
larger if there are more signal transitions, i.e. shorter 
pits 6 or lands 7 create more data transitions. 
To achieve steep signal transitions, the pits 6 near the bit 
cell signal transitions l, 2, 3, 4 should be short compared 
to the diameter of the readout spot. An optimum is reached 
when the pit length is about the same as the full width at 
half maximum of the intensity distribution of the readout 
spot . 



2 . ) The pits 6 used within the bit cell should also be short 
compared to the diameter of the readout spot to avoid a drop 
of the differential phase detection signal. The aim of the 
optimization is to avoid a strong modulation of the radial 
information channel signal within the bit cell. The waveform 
should keep a certain safety distance from zero. An example 
of a pit structure using short pits 6 and lands 7 next to 
the cell border and within the cell is shown in figure 11. 

3.) To achieve an optimized detection amplitude within the 
bit cell: 

a) the distance between the track center 10 and the pits 6 
and lands 7 can be kept constant within the bit cell. The 
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value of the distance itself can be optimized to create a 
large detection amplitude and an improved signal to noise 
ratio of the differential phase detection signal, 
b) the distance between the track center 10 and the pits 6 
5 and lands 7 can also be varied within the bit cell to 

improve the detected waveform. The aim is to hold the peak 
values of the detected signal at a predefined level. 

4. ) To achieve an optimized detection amplitude, it is also 

0 possible to vary the pit width as shown in figure 12 to 
optimize the detected waveform. Again the aim is to hold the 
peak values of the detected signal at a predefined level. 
The optimum width of the pits 6 might be different for push 
pull and differential phase detection. 

5 

5. ) If the individual signals used for generating the 
differential phase detection signal are binarized using a 
data slicer: 

a) the digital sum value of the code should not differ from 

) zero. This can be achieved by placing an identical number of 
pits 6 and lands 7 in each bit cell. 

b) when using a biphase modulation, the digital sum value is 
allowed to be different from zero if the average of the 
radial information channel signal is zero within biphase bit 

1 cells representing a digital and if it is zero within 
two consecutive bit cells representing a digital '0'. This 
keeps the average of the decision level of the data slicer 
around zero. A corresponding pit structure is depicted in 
figure 13 . 



